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Abstract: The synthesis of the first vinyltetrazine derivative is 
described. 3,6-Divinyl-1,2,4,5-tetrazine was obtained following a 
methodology involving cyclization from an imidate and use of 2-
phenylsulfonylethyl groups as masked vinyl entities. The first 
properties of this unique compound are reported. 
 
Key words: Azo compounds; Condensation; Cyclizations; Fused-
ring systems; Heterocycles. 
Polymers based on nitrogen-rich heterocycles have 
been the subject of numerous studies, owing to their 
specific characteristics, such as thermal stability and 
energetic properties. Hence, a substantial amount of 
work has been devoted to the synthesis of vinyl-
substituted azaheterocycles. For example, 2- and 5-
vinyltetrazole derivatives have been obtained and po-
lymerized to yield polyvinyltetrazoles as energetic bind-
ing agents for jet engine fuels, gunpowders or explo-
sives.
1
 In the triazoles series, both 4(5)-vinyl-1,2,3-
triazoles and 1- or 4-vinyl-1,2,4-triazoles are known and 
the resulting polymers were described.
2
 The same also 
applies to vinyl derivatives of 1,3,5-triazines and poly-
mers thereof.
3
 Among all this work on high-nitrogen 
polymers, it appeared that tetrazine-containing polymers 
had been largely unexplored,
4
 although tetrazines are 
known for their ability to react in inverse demand Diels-
Alder reactions,
5











 properties. In 
particular, polyvinyltetrazines are missing in the litera-
ture, most probably because, to the best of our knowl-
edge, vinyltetrazines are unknown. Herein, we describe 
the synthesis of the first derivative of this up-to-now 
elusive class of compounds: 3,6-divinyl-1,2,4,5-tetrazine 
8. The properties of 8 and preliminary polymerization 
experiments are also set forth. 
The first synthetic approach developed to reach com-
pound 8 involved the elaboration of a functionalized 
tetrazine ring prior to further side-chain modification. An 
ester reduction of the readily available dimethyl 1,2,4,5-
tetrazine-3,6-dicarboxylate
11
 was attempted using differ-
ent reagents in order to target a tetrazine ring possessing 
either hydroxymethyl or formyl groups as functionalities 
capable of further modifications. However, lithium alu-
minium hydride, sodium borohydride or diisobutylalu-
minium hydride all led to major decomposition regard-
less of the conditions used. Since a 
1
H NMR study re-
vealed that the tetrazine ring was reduced as quickly as, 
or even faster than the ester groups, we assumed that the 
decomposition process could be the result of partial ring 
hydrogenation leading to a 1,2-dihydrotetrazine, fol-
lowed by ring opening giving hydrophilic small entities 
washed away during the reaction work-up. 
The second investigated pathway was based on a Stille 
coupling. The known 3,6-dichloro-1,2,4,5-tetrazine
12
 
was not considered as the halogenated partner, since a 
recent paper
13
 highlighted its unstability in palladium 
catalyzed conditions (Sonogashira coupling). Thus, 
3,6-bis(methylsulfanyl)-1,2,4,5-tetrazine
14
 was used as a 
more stable reagent. Nevertheless, whatever the condi-
tions, the starting tetrazine was found unreactive. As an 
example, a modified Stille procedure described with 
methylsulfanyl-substituted heterocycles
15
 as the sub-
strates (tributylvinyltin, 1 eq. CuBr.Me
2





, refluxing THF or DME, 3-6 days) appeared 
ineffective. 
This failure led us to build the tetrazine ring rather 
than start from a tetrazine compound. For this purpose, 
acrylonitrile was first tested as a precursor since several 
conjugated nitriles were reported to undergo cyclisation 





 and zinc dust.
16
 The cyclized product was 
obtained in only minor amount, standard Michael addi-
tion being the major pathway. In order to overcome this 
problem, a masked vinyl group was tested. Indeed, the 
use of appropriate phenylsulfonyl groups further treated 
in basic media was shown to lead to vinyl derivatives 
under smooth conditions.
17
 Thus, a cyclisation was at-
tempted starting from nitrile 1
18
 under the above-
mentioned conditions. No reaction occurred whatever 
the temperature used (from RT to 70 °C) and the unreac-
tive starting material was recovered quantitatively. This 
result tends to establish that the scope of this process is 
Print out this copy of the sample article. 
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limited to a few type of precursors, such as aromatic 
nitriles.
19
 In order to increase the reactivity of 1, its con-
version into the corresponding imidate was accom-
plished. We focused on a Pinner methodology
20
 since the 
product is usually isolated in pure form following an 
easy work-up. Imidate hydrochloride 2 was thus ob-

















Scheme 1. Synthesis of imidate 2 
 
The cyclization reaction from 2 using hydrazine hy-
drate proved to be the key step of the synthesis. Our first 
experiment using 2 equivalents of hydrazine hydrate at 0 
°C yielded a mixture of 4-amino-1,2,4-triazole 5 and 
tetrazine 6 (Scheme 2 and Table 1, entry 1). This result 
prompted us to investigate the course of the reaction 
more thoroughly. Parameters such as temperature and 
quantity of hydrazine hydrate were varied and the prod-





 higher temperatures favored the formation of 
compound 5. It was quantitatively obtained after simple 
precipitation from cyclohexane when the reaction was 
performed at 78 °C (Table 1, entry 2). Using 1 equiva-
lent of hydrazine hydrate at 20 °C (Table 1, entry 3), 
analysis of the crude product revealed two other prod-
ucts: acyclic diamine 3 and 3,6-bis(2-
phenylsulfanylethyl)-1,2-dihydro-1,2,4,5-tetrazine 4. We 
found that the latter readily oxidized to 6 during work-
up. Diamine 3 was by far the major product when using 
only 0.5 equivalent of hydrazine hydrate (Table 1, entry 
4). These results clearly evidenced that 3 is the first in-
termediate in the synthesis of 6. To the best of our 
knowledge, this kind of acyclic intermediate has never 
been isolated in hydrazine mediated syntheses of tetrazi-














































Scheme 2. Cyclization reaction of imidate 2 
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 0.5 20 4 78 0 0 7 
a
: Isolated product. 
b
: 15% of starting material were detected in the crude 
mixture. 
 
According to standard procedures,
24
 oxidation of 6 
was then performed using 4.1 eq. of m-CPBA at low 
temperature, leading to disulfone 7 (Scheme 3).
25
 As 
expected, this occurred chemoselectively since no nitro-
gen oxidation was observed after treatment. The subse-
quent 1,2-elimination of the phenylsulfonyl end-chain 
was expected to generate vinyl groups as reported ear-
lier. Among the large palette of bases usually em-
ployed,
17
 we focused on the use of t-BuOK in THF for 
practical reasons. Even a slight excess of potassium tert-
butoxide resulted in low yields. We therefore settled for 
an amount of base of 1.9 equivalent, thus ensuring a 
reasonable conversion rate (the monovinyl derivative 
was also evidenced) without formation of further by-
products. After purification, the target compound 3,6-
divinyl-1,2,4,5-tetrazine 8 was obtained in a 42% yield 






































Scheme 3. Oxidation of tetrazine 6 to vinyltetrazine 8 
 
Polymerization experiments were then carried out, us-
ing radical or anionic initiation, but without success. The 
failure of homopolymerization and even copolymeriza-
tion reactions suggested that 8 could act as a radical 
inhibitor. However, EPR experiments did not confirm 
this assumption. Therefore, the stability of 8 in various 
conditions was checked. When 3,6-divinyl-1,2,4,5-
tetrazine was reacted under UV irradiation at – 10 °C 
with 11 mol%. of Irgacure 651 as the radical initiator, a 
total decomposition of the starting material occurred as 
indicated by 
1
H NMR. Since a further experiment per-
formed under similar conditions without any radical 
initiator led to entire recovery of 8, its radical sensitivity 
was evidenced. The second investigation focused on the 
stability of 8 with increasing temperature. 3,6-Divinyl-
1,2,4,5-tetrazine was left unchanged after heating during 
5 days at 40 °C (0.1 M in CDCl
3
), as evidenced by 
1
H 
NMR. On the contrary, when the temperature was in-
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creased (80 °C in DMF) an insoluble material started to 
appear. The same solid was recovered when 8 was al-
lowed to stand without caution at room temperature. 
Since the brownish solid was found insoluble in every 
solvents, its characterization remained cumbersome. We 
anticipated that this could be the homopolymer of 8, but 
elemental analyses revealed that the nitrogen content of 
the solid was too low (28.1% instead of the expected 
41.8%). These results could be indicative of [4+2] 
cycloadditions with loss of N
2
, a well-known process in 
the tetrazine series,
5
 leading to a cross-linked polypyri-
dazine network.  
In summary, we have described the synthesis of 3,6-
divinyl-1,2,4,5-tetrazine, the first reported example to 
date of a vinyltetrazine. Compound 8 can be seen as a 
tetraaza analogue of the widely used 1,4-divinylbenzene. 
Therefore, although our preliminary studies showed a 
limited stability at high temperatures and in the presence 
of radicals, 8 is believed to be a useful building block in 
the synthesis of new tetrazine-based molecules and ma-
terials. Moreover, 8 stands as an interesting substrate for 
Diels-Alder reactions, since both the tetrazine ring and 
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12.50 (s, 1H), 11.60 (s, 1H), 7.41-7.27 (m, 5H), 4.56 (q,
 
J = 
6.9 Hz, 2H), 3.30 (t, J = 6.6 Hz, 2H), 3.06 (t, J = 6.6 Hz, 




) δ 177.0, 
133.7, 130.9, 129.1, 126.4, 70.9, 33.4, 28.8, 13.4; IR (KBr) 
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ν
max







O 80/20): 2.67 min, 246.7 (M+1) and 





209.0874, found 209.0875. 
(22) General cyclization procedure. Imidoester hydrochloride 
2 (6.17 g, 25.1 mmol) was dissolved in ethanol (0.16 M) 
under a nitrogen atmosphere and the solution was brought 
to –10 °C. Then triethylamine and hydrazine monohydrate 
(2.5 mL, 51.4 mmol) were successively added to the solu-
tion and the mixture was allowed to stir (conditions: see ta-
ble 1). The mixture was concentrated under vacuum and 
the slightly pink crude solid obtained was further dissolved 
in ethyl acetate and washed with water. The aqueous layer 
was then extracted with AcOEt and the resulting organic 
layer was washed with brine, dried over MgSO
4
, filtered 
and concentrated under vacuum. Depending on reactional 
conditions the products could be obtained. Compound 5 
was isolated after simple precipitation from cyclohexane, 
whereas 3, 4, and 6 were obtained after chromatography 
over silica gel (cyclohexane/AcOEt 7/1). N’-[1-amino-3-
(phenylsulfanyl)propylid-1-ene]-3-





) δ 7.88-7.15 (m, 10H), 





) δ 155.8, 135.5, 129.5, 129.0, 
126.3, 32.9, 30.8; IR (KBr) ν
max
 3450, 3337, 3060, 2960, 







O 80/20): 3.40, min, 358.9. 3,6-Bis-(2-
phenylsulfanylethyl)-1,2-dihydro-1,2,4,5-tetrazine (4). 




) δ 7.96 (s, 
2H), 7.37-7.26 (m, 8H), 7.24-7.12 (m, 2H), 3.10 (t, J = 7.6, 




) δ 148.5, 
135.7, 129.1, 128.1, 125.7, 29.8, 28.2; IR ν
max
 3243, 3054, 
1677, 1575, 1476, 1436, 1400, 1287, 1257, 1242, 1208, 
1165, 1086, 1020 cm
−1





7.15 min, 356.9. 4-Amino-3,5-bis(2-phenylsulfanylethyl)-





) δ 7.40-7.16 (m, 10H), 5.63 (s, 2H), 3.31 (t, J = 





153.5, 134.9, 129.0, 128.9, 126.3, 31.4, 24.6; IR (KBr) ν
max
 
3444, 3042, 2991, 1633, 1583, 1482, 1438, 1231, 1205, 
790 cm
-1




O 80/20): 2.49 min, 
356.6 (MH
+








: C 60.64, H 5.65, 
N 15.72, S 17.93, found: C 60.31, H 5.81, N 15.67, S 
17.71. 3,6-Bis(2-phenylsulfanylethyl)-1,2,4,5-tetrazine 





7.35 (m, 4H), 7.32-7.25 (m, 4H), 7.24-7.17 (m, 2H), 3.60 





) δ 168.4, 134.5, 130.5, 129.0, 126.7, 34.7, 31.8; IR 
(KBr) ν
max
 3023, 2406, 1520, 1425, 1356, 1218, 1048, 929 
cm
−1




O 80/20): 3.12 min, 355.2 
(MH
+











found 355.1043   
(23) Katritzky, A. R.; Rees, C. W.; Scriven, E. F. V. Comprehen-
sive Heterocyclic Chemistry II; Pergamon press: Oxford, 
1996, Vol. 6, 949. 
(24) Panek, J. S.; Zhu, B. Tetrahedron Lett. 1996, 37, 8151-
8154. 
(25) 3,6-Bis(2-phenylsulfonylethyl)-1,2,4,5-tetrazine (7). 





(0.05 M) and the solution was cooled to -10 °C. A solution 




 (0.25 M) was 
added over a period of 1 h (the temperature was kept below 
0 °C), after which TLC analysis indicated completion of 
the reaction (cyclohexane/AcOEt 7/1, R
f
 (6) = 0.37, pink 
spot; R
f
 (7) = 0, pink spot). The mixture was successively 
washed with a solution of NaHSO
3
 (10%) and a solution of 
NaHCO
3
 (10%). The organic layer was then washed with 
saturated NaCl solution, dried over MgSO
4
 and filtered. 
Product 7 was finally obtained as a pink powder (2.19 g, 




) δ 7.92-7.88 (m, 4H), 7.74-7.60 (m, 
2H), 7.71-7.62 (m, 4H), 3.93 (t, J = 7.6 Hz, 4H), 3.44 (t, J 




) δ 167.0, 138.2, 134.1, 
129.6, 127.9, 51.9, 28.1. IR (KBr) ν
max
 1448, 1427, 1395, 
1310, 1294, 1269, 1148, 1083, 1047, 1033, 996, 980, 906, 
778, 745, 711 cm
-1





5.72 min, 418.9 (MH
+











51.66, H 4.34, N 13.39, found: C 51.98, H 4.40, N 13.55; 














(26) 3,6-Divinyl-1,2,4,5-tetrazine (8). To a stirred solution of s-
tetrazine 7 (600 mg, 1.43 mmol) in dry THF (120 mL) was 
added t-BuOK (307 mg, 2.73 mmol) at -20 °C for 1.5 h. 
The reaction was followed by TLC analysis (cyclohex-
ane/AcOEt 4/6, R
f
(7) = 0.45, R
f
(8) = 0.95). The solution 
was finally diluted with 150 mL of cooled Et
2
O, filtered 
and washed with a solution of NaHCO
3
 (10%) (2 × 100 
mL). The organic layer was then washed with brine (150 
mL), dried over MgSO
4
 and further concentrated under a 
controlled vacuum because of its volatility. Product 8 was 





0.96), obtained as a dark pink oil (81 mg, 42% yield) and 






) δ 7.17 (dd, J = 10.8 
Hz, J = 17.6 Hz, 2H), 7.01 (dd, J = 1.2 Hz, J = 17.6 Hz, 







) δ 164.2, 131.0, 127.8; IR (KBr) ν
max
 1632, 1434, 
1364, 1343, 1259, 1075, 1032, 984, 950, 902, 711 cm
-1
; 
LC/MS (AP+, MeOH): 0.04 min, 135.3 (MH
+
); HRMS 








) 134.0592, found 134.0590. 
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